Introduction
Pension reform is on the agenda in most developed countries. The predicted increases in life-expectancies are putting public finances under pressure. A key target in most reforms is to increase labor supply. Despite this fact, little is known about macroeconomic labor supply elasticities of pension rules, and even less about the interaction with disability insurance (hereafter DI). In this paper I bridge this gap.
DI take-up across the OECD is high and, in many places, rising. On average, 6 percent of the working-age population rely on DI, with rates exceeding 10 percent in Norway and Sweden, and countries such as the UK and the US have seen enrollment rates increase by more than 50 percent since 1990 (OECD, 2010). 1 As the OECD data shows, DI recipients are likely to be old (median take-up rate across countries for age group 50-64 is roughly 15 percent) and never return to employment (the probability of returning to work is close to zero). Consequently, DI is an important path into retirement. Nevertheless, most pension reform studies neglect this dimension entirely, and the few that don't, typically assume exogenous DI enrollment. 2 This paper, on the other hand, studies pension reforms using a standard heterogeneous agent life-cycle model, augmented with health risk, public disability insurance, and endogenous retirement. In particular, agents in poor health have the option to retire early with DI. By including this dimension, I allow for an important alternative retirement margin. Failure to account for this dimension might bias the labor supply response to pension reforms.
Consider a pension reform that reduces old-age pensions (hereafter OA-pension). Agents typically respond by increasing their savings and postponing retirement. However, policy makers face a trade off when deciding how to treat those that rely on DI when transferred to OApension. Unhealthy individuals cannot easily delay retirement, and there are potentially good reasons to protect them from benefit cuts. On the other hand, if those on DI are protected, the incentive to retire through the DI system goes up, inducing an increased flow of workers to DI, offsetting the initial labor supply increase. Policy makers thus face the trade-off between maintaining insurance and limiting retirement incentives. The findings in Börsch-Supan et.al. (2005) provide support for the importance of such a trade-off. Using the 'Survey of Health, Ageing and Retirement in Europe' (SHARE), they find that the large variation in disability take-up across countries is not due to demographics and health, and conclude that institutional differences must be a key explanation.
In this paper I focus on the Norwegian economy, which has one of the highest DI take-up rates in the OECD. More than 40 percent of the population relies on DI when they are transferred to OA-pension at age 67. 3 Over the last two decades the Norwegian pension system has also undergone two large reforms (in 1989 and 2011), both of which has important interactions with the DI system. In 1989 an early-retirement program (hereafter ERP) was launched, covering about 60 percent of the work-force. During the 1990s, the program gradually lowered the oldage pension eligibility age from 67 to 62, making OA-pension an alternative to DI. 4 In 2011 the OA-pension became longevity-adjusted (increasing life-expectancy leads to benefit cuts), but disabled individuals are currently partly protected. 5 Consequently, the institutional design of the Norwegian welfare state is an interesting starting point for studying the interplay between DI, retirement behavior and pension reform.
The core of the model is a dynamic theory of life-cycle consumption, saving and labor supply. Individuals decide how much to consume, save and when to stop working, facing idiosyncratic health, earnings and mortality risk. I use this framework to study how welfare programs interact with individuals' earnings and health shocks to determine career lengths, with particular focus on the effects of pension reform. This setup is closely related to French (2005) . However, I make two important extensions. First of all, I model a DI system, thus allowing for interac-tion effects between different welfare programs. Furthermore, I add two forms of preference heterogeneity needed to account for the data (as will be discussed below).
The main mechanism in the paper is as follows: Poor health increases the disutility of work. Unhealthy agents are eligible for DI if they retire, and retirement is permanent (cannot return to work). In the benchmark model, calibrated to the Norwegian economy, there are unhealthy individuals choosing not to retire early with DI. When an OA-pension reform increases the incentive to claim DI, some of these individuals become DI recipients. The main reform experiment (mimicking the 2011 Norwegian reform) removes an OA-pension earnings-test and reduces benefits by 20 percent from age 67 (due to increased longevity) but those coming from DI are protected from cuts. Despite large improvements in work incentives, aggregate labor supply in age group 51-69 falls with 2.1 percent relative to a no-reform scenario, due to a substantial increase in DI take up. If those on DI is not protected, however, the reform produces an oldage labor supply increase of 7.7 percent. To illustrate the importance of the main mechanism, I also consider a naïve accounting exercise, implicitly assumed in all other studies. That is, a model in which by assumption no substitution goes on; all DI retirement is exogenous (poor health force agents to retire). In this exercise the reform induces an increase in old-age labor supply of 4.1 percent. Consequently, not accounting for an endogenous DI margin might substantially bias the analysis of pension reforms.
A second contribution of the paper is the estimation of two types of preference heterogeneity: across agents (disutility of working) and across welfare programs (DI take up generates a utility cost). Consider first heterogeneous disutility of working. A key parameter in the model is the wage-offer profile among older agents. Due to selection one cannot estimate the wage profile directly on observed wages. However, since participation is endogenous in the model, one can consistently estimate the wage offers, providing a structural adjustment of the selection bias in the data (as in French, 2005) . Even though selection is potentially acute, one particular dimension of the data indicates that it is not. Comparing labor income at age 51 for all individuals with income at age 51 for the highly selected group who still works at age 67, I find that the latter group has only 7 percent higher labor income. Preference heterogeneity provides a straightforward way to account for this premium. In a version of the model calibrated with homogeneous preferences the simulated difference is 21 percent. I therefore augment the model with heterogeneous disutility of work, and identify the degree of heterogeneity by targeting the 7 percent premium in the data.
In addition, the model introduces a novel mechanism with respect to uptake of DI versus early-retirement benefit. DI retirement comes with a utility cost labeled stigma, a reduced form for all costs related to DI, including pure social stigma, cost of application, cost of going to the doctor etc. In contrast, I assume that this cost is not attached to uptake of earlyretirement benefit, since age is the only eligibility criterion. 6 Consider now the labor supply effects of a reform that introduces an ERP. In addition to lowering the eligibility age for OA-pension, the reform also offers a way for unhealthy agents to bypass the stigma cost attached to DI. This can potentially induce an unhealthy agent, who (despite being eligible) did not take up DI prior to the reform, to retire with early-retirement benefits. Consequently, the labor supply elasticity of the reform increases. This mechanism is needed to account for the large drop in employment following the introduction of the ERP in Norway. To quantify the magnitude of this cost, I exploit the empirical old-age employment rates, before and after the early-retirement reform in the 1990s.
Because key preference parameters are estimated by targeting aggregate retirement moments I can use retirement patterns in sub-groups as a check of the model. In particular, the model does a good job in replicating the very heterogeneous retirement patterns across education groups we observe in the data, both in the cross section and over time (before and after the introduction of the ERP). Moreover, among workers that are part of the ERP, the model replicates the fraction that receives earlyretirement pension before age 67.
The paper proceeds as follows: The next section goes through related literature. Section 3 outlines the life-cycle model, while section 4 contains the calibration. Section 5 goes through the calibrated model and policy experiments. Section 6 concludes.
Related literature
The paper contributes to the macroeconomic literature on social security reforms, and is the first attempt to focus on the interaction between the DI and OA-pension systems. The pioneering work by Auerbach and Kotlikoff (1987) has been succeeded by a vast number of papers on social security reforms in overlapping-generations model. Most of these papers do not move beyond assuming exogenous retirement. 7 Recently, both theoretical (see for example Ljungqvist and Sargent, 2014) and quantitative macro papers have focused on retirement behavior. Some early quantitative contributions are Hirte (2002), Fehr et.al. (2003) and Eisensee (2006) , all abstracting from DI. Díaz-Giménez and Díaz-Saavedrac (2009) and Imrohoroglu and Kitao (2012) are the ones most closely related to my paper. 8 The former study explores the effects of a Spanish pension reform in a model with endogenous retirement, income uncertainty and disability. Unlike my paper, DI retirement is treated as a pure exogenous process. The second study consider endogenous retirement, as well as health and medical expenditure risks, in a model for the US. However, the public disability program (SSDI) is not modeled.
Many microeconometric life-cycle models has been developed to study social security and endogenous retirement (see for example Rust and Phelan, 1997 and Blau and Gilleskie, 2008) . French (2005) estimates a full structural life-cycle model with income and health risk, and finds that the actuarial unfairness and work disincentives in the pension system seem to explain the U.S. retirement pattern well. Removing the earnings test causes individuals in the model to spend an extra year in the labor force. Some papers have studied retirement through disability insurance ( Low et al., 2010 and Pistaferri, 2015) . However, these studies 7 See e.g. Imrohoroglu et.al (1995) , Conesa and Krueger (1999) , De Nardi et.al (1999) 8 Erosa et.al (2011) builds on Imrohoroglu and Kitao (2012) , to study cross country differences in labor supply late in the life cycle. Their study includes disability retirement as an exogenous event.
treat old-age retirement as exogenous at age 62. In independently developed work, Laun and Wallenius (2015) find, as this study, that including health and disability insurance is important when analyzing pension reforms. 9 Bound et.al. (2010) and Iskhakov (2010) estimate DP-models of retirement with latent health indicators. However, they abstract from wealth and assume that consumption equals income every period. These studies are highly restrictive in that respect.
The model assumes that there is an economic margin among disabled individuals, i.e. the becoming a DI recipient is an endogenous decision. Assuming that the unhealthy can work is in line with the life-cycle models in e.g. French (2005) and Low et al. (2010) . The former study has an explicit two-state health process, but no DI-program, while the latter models DI eligibility as a negative income shock. 10 The importance of economic incentives is supported by the findings in Bratberg (1999) . Using Norwegian registry data to estimate a multinomial logit model, the study finds that income opportunities is a significant determinant of labor force status, even after controlling for measures of health status. In a recent study, Bratsberg et al. (2010) report that job loss more than doubles the risk of permanent disability and accounts for three out of ten new DI claims in Norway.
Model
The economy is populated by J overlapping generations and a model period corresponds to a calendar year. Each cohort is a constant fraction of total population, which grows at a constant rate of one percent. Cohorts consist of a continuum of bachelor households starting their eco- 9 Kitao (2014) develops a life cycle model of unemployment and disability , building on these studies. However, also this paper assumes mandatory old-age retirement. In contrast, my paper focuses explicitly on the interaction between DI and OA-pension retirement. 10 A clear physical medical diagnosis among the disabled could cast doubt on the relevance of economic factors. In many cases, however, the health condition is selfperceived without any observable physical illness, making it harder to determine the true work limitation. Norwegian official medical diagnosis from 2000-2003 reveals that disability insurance was granted on mental, muscular, and skeletal disorders in 60 percent of the cases (see Mykletun and Knudsen, 2009) . nomic life at age j = 22. Lifetimes are uncertain; agents survive to age j with probability p j and die before age j = J. At the beginning of their economic life, agents are of different types, characterized by: education (no college, college), preferences towards work and income levels. Education heterogeneity maps into education specific life-cycle profiles for earnings and preference heterogeneity maps into idiosyncratic disutility of work. Different income types are represented by a fixed effect in earnings realized at age j = 22. Health and income risk generate withintype heterogeneity over the life-cycle. At each age j individuals are either in good or bad health, and health condition follows a two-state first order Markov process. Within-type income inequality is produced by idiosyncratic shocks to earnings, represented by an AR(1) process. Markets are incomplete and individuals hence rely on private saving and public social security for partial insurance against idiosyncratic health and income risk. In addition, there is a link between income, health and mortality. The low income-education type has a higher probability of going from good to bad health, and unhealthy individuals face a lower survival probability.
Agents choose how much to consume and save, and labor supply along the extensive margin. Retirement is an absorbing state and an option only for those eligible for public pension, either through disability pension or through old-age pension. 11 Eligibility ages are R and D < R in the old-age pension and disability insurance program, respectively. Once entitled to OA-pension at age R, disability insurance is no longer an option and all DI-recipients are transferred into OA-pension. The benefit formulas are the same in both programs, but OA-pension is subject to an earnings test if working, while disability pension is received conditional on retirement. Health condition is observable and only unhealthy agents can retire with disability pension. When claiming DI, there is zero rejection probability, and eligibility is not reassessed if health condition improves in the future.
The value function while employed is
where s j+1,I b j is the (health dependent) conditional survival probability.
The expectation is over next period earnings and health condition, conditional on information available at age j. State variables are current assets, pension wealth, earnings and health condition (a, m, e, I b ), and I w is an indicator function, taking value 1 if working and 0 otherwise, while I b is an indicator for bad health. The value function during retirement is
and the unconditional value function is
Period utility of consumption and leisure is given by
with δ w denoting the disutility of work (heterogeneous across agents with mean µ δ and dispersion σ δ ), and δ b the disutility of bad health if working (common to all agents). A utility cost labeled stigma is attached to receiving DI, interpreted as a reduced form, capturing all costs related to DI uptake. The cost is parameterized as additive cost of claiming, z 1 , and a flow cost, z 2 incurred every period receiving DI (until one is transferred to OA-pension at age R). Formally, stigma costs are included in equation 3 once on DI. Alternatively, these two costs can be combined to form an age-specific fixed cost of DI-retirement at age j, z j , increasing in the number of years expected to be on DI:
where the second term is the value of current and future flow cost, discounted back to age j, taking into account the expectation about future (health dependent) survival probabilities. 12 Health risk is age-dependent and health condition is either good or bad. Let h j,I b
denote the probability of a transition to health condition I b j+1 next period, given health condition I b j at age j. The health condition parameter if healthy is I b = 0, otherwise I b = 1, and bad health is not an absorbing state (i.e. h j,1,1 < 1). The low income-education type has a higher risk of going from good to bad health at each age, denotedĥ j,0,1 = χh j,0,1 .
At age j the agent receives an endowment of efficiency units per hour of ln(n j ) = q j + e j . The first component captures the deterministic ageearnings profile, and the second component the stochastic endowment process, governed by:
where α ∼ N(0, σ 2 α ) is a fixed effect obtained age j = 22, and z is an AR(1) with innovation ε ∼ N(0, σ 2 ε ). Given a wage rate, w, per efficiency unit, annual pretax labor income is (full time work corresponds to H = 1725 hours per year) y j = exp(q j + e j )Hw.
Both the age component and the stochastic component of earnings will be estimated separately for each education group.
Pension wealth m j is a function of annual pension accumulation. Each year over the working periods pension points m j accumulates according to:
where annual pension accumulation M is a progressive function of labor income. In the actual Norwegian system total pension points m j is the average of the twenty best earnings years. It is computationally infeasible to keep track of twenty years of earnings history. Hence, the function is an approximation in which pension wealth is revised upwards only if the pension claim is above average pension claims (as in French, 2003 and French, 2005) . 13 Upon retirement a pension benefit is calculated from b j = B(m j ).
Agents are born with zero assets and have access to a capital market yielding a risk-free rate of return on savings, denoted r. A zero borrowing constraint is imposed and assets evolves according to the sequence of budget constraints
where τ a and t c are capital gains and consumption tax rates and T(j, y, b) after tax labor and pension income. The maximization problem in equations ?? and 2 is constrained by equations 7 and 8. The economy is small and open. Agents face an exogenous world market interest rate r and wages grow at a constant rate g. A wage tax (τ p ) is levied on the firm (corresponds to the employer's contribution to the social security payroll tax). 14 In order to transform the economy to a stationary one, I write all non-stationary variables as growth adjusted and replace the left-hand side of equation 8 with a(1 + g).
Each period the government collects taxes on capital, labor and pension income. If agents die with positive assets, the government collects the entire amount. The expenditure side consists of pension outlays and unproductive consumption X. In the benchmark model equilibrium, the budget is balanced by adjusting X. Later, when computing long-run effects of the reforms, the government uses the consumption tax rate to close the budget. 15 The stationary equilibrium conditions of this small open economy are simple to characterize. Factor prices are constant, and when exogenous public consumption closes the budget, tax rates are constant as well. When tax rates are endogenous, equilibrium requires that maximizing individual behavior is consistent with the tax rate that balances the government budget.
Solution algorithm
Decision rules are found by backwards recursion. Since the retirement decision is absorbing I solve the problem in two steps. First I solve the retirement problem. Since there is no income uncertainty when retired, the problem is a simple consumption-savings problem with one endogenous state variable (asset) and two exogenous (pension benefit, health status). This gives me the retirement value function. Due to the discrete nature of labor supply, the value function is not necessarily globally concave (see e.g. Low et al., 2010) , and working with the first-order condition can lead to local and not global optima. The value function for an employed agent is therefore solved by straightforward discretization of the state and control space. Health status is by definition discrete. For current and next period asset I use the same non-equally spaced grid, with denser grids for lower asset levels. The auto-regressive part of the income process is approximated by a two-state first order Markov process, following Tauchen and Hussey (1991) . Fixed effects are represented by two types, a low and high income type, and the magnitude of α is set to match σ 2 α , the dispersion of preference heterogeneity is approximated by 4 types. The pension wealth is discretized using a linear grid. When next period pension wealth is between grid points, it is determined by a lottery over the two neighboring grid points. Number of grid points are set to 200 and 15 for asset and pension wealth respectively. The model is simulated with 40000 individuals for each pair of income, preference and education type.
Calibration
Parameters are calibrated to male observations. Average conditional survival probabilitiesŝ j are taken from Statistics Norway's life The interest rate is set to r = 0.04 and wage growth to g = 0.015. I set capital gains tax rate, τ a , equal to 28 percent, which is the current flat rate in Norway. The payroll tax rate, τ p , is 13 percent. To obtain the consumption tax rate, τ c , I compute the average rate based on the 2006 National Account. Total household indirect taxes divided by total household consumption gives τ c = 0.19. Labor and pension income is taxed according to the function T.
A. Social security 1987 regime
The annual pension accumulation M in (7) is given by:
where G is the unit of measurement, the basic amount, in the Norwegian social security system, calibrated to 15 percent of average annual labor income in age group 40-44 (see section 4D). Upon retirement, the function B transforms pension wealth to a annual pension benefit b according to:
Hence, b consists of an amount G that is independent of labor earnings, and an earnings-dependent supplementary benefit, S(m) = GmK 2 . In the 1987 regime, the kink point K 1 in (9) and the replacement rate K 2 in (10) are 8.0 and 0.45, respectively. The basic amount G is indexed to wage growth g, which means that pensions are also indexed to wage growth. The eligibility age in the OA-system is R = 67. Since the focus in this paper is on old-age retirement, I set the eligibility age in the DI-system to D = 51. Both DI and OA-pension are determined by (7) and (9)-(10). However, those who qualify for OA-pension are allowed to work and receive benefits and if younger than 70, benefits are tested against earnings. When the sum of pension benefit and labor earnings (b + y) exceed 80 percent of previous earnings (denoted y prev ), benefits are reduced such that b = max(0, 0.8y prev − y). In the Norwegian system previous earnings is the average of the past three years. 16 Note that the benefits taxed away by the earnings test are lost, i.e. there is no upwards readjustment of future benefits.
To be entitled to the entire supplementary benefit S(m), agents must work until age 70. Retirement at age 67, 68 and 69 induces a reduction in m of approximately 11%, 7%, and 3.5% respectively. See Appendix B for details and the exact expression. Note that the benefit for individuals 16 For computational reasons I simplify by assuming that previous earnings is the average of deterministic labor earnings, i.e. y prev j = wH
retiring on DI is calculated as if they retired at age 67.
B. Social security 2005 regime Pension entitlements are given by the same equations as in the 1987 regime, i.e. (7) and (9)- (10), but now with K 1 = 6 and K 2 = 0.42. In addition, there is no downwards readjustment of S(m) associated with retiring between age 67-69. Moreover, there has been a relaxation of the pension earnings-test for ages 67-69. As of 2002, benefits are reduced by 40 percent of earnings above 2G; a clear improvement of work incentives (i.e. a reduction in implicit tax on labor income). 17 In 1989, the opportunity to retire with OA-pension was extended to include people of age 66, and since 1998 the eligibility age has been 62. Roughly 60 percent of the work force is covered by this ERP (Holmøy and Stensnes, 2008) . I divide households into two groups at age 22, those that are entitled to OA-pension from age 62 (60 percent) and those that must wait until age 67 (40 percent). The pension benefit is derived from (9) and (10), with K 1 = 6 and K 2 = 0.42 and computed as if the retiree worked until age 67. Hence, there is no benefit penalty associated with early retirement. Due to a pro rata earnings test, the implicit tax rate on labor income is higher before age 67 than after. For individuals between age 62-66 that are entitled to OA-pension and receive labor income, the pension benefit is reduced by the same proportion as the ratio of current labor income to previous income y prev j . 18 Since there is no intensive labor supply margin in the model, the pro rata test basically implies that the entire benefit is taxed away if the agent continue working. As in the 1987 regime, benefits lost through the earnings test do not raise future benefits.
The DI rules are the same as in the 1987 regime and DI-recipients are transferred to OA-pension at age 67.
C. Tax function
The tax function T(age, y, b) takes into account the progressivity in the Norwegian system and special tax rules for retirees. In general, the system differentiate between a general income tax and a social security tax. The income tax consists of a marginal tax rate scheme with three brackets. Income in the first bracket is taxed at a marginal rate of 0.28, while income in the second and third bracket is taxed at rates 0.37 and 0.40. The threshold levels are 6G and 9.8G, respectively. In addition, an (income-dependent) amount roughly between 0.5G and 1.46G is made tax exempt. The social security tax is levied on total labor and pension income, and is 0.078 on labor income and 0.03 on pension income. Finally, special tax rules applies for individuals who receive pension income. They can deduct an additional earnings-tested amount of 0.25G. If total earnings and pension income is below a threshold of roughly 2.1G, then no tax is paid, and total income tax is limited to 55 percent of income above this threshold. As a consequence, a retiree who receives only the minimum pension pays no income tax. The tax-favorable treatment of pension income contributes to an even more redistributive pension system, but also to a further weakening of work incentives, especially among low-income households.
D.
Income process I define two education groups, those with a college degree and those with no college degree, and estimate an income process separately for each group. The stochastic component of the process in (5) is estimated using a 1997-2008 panel of hourly wage for Norwegian males in age group 30-50 with annual labor income above 1G. The sample age restriction is chosen to avoid the most severe selection problems. In the estimated income equation, log of wages are determined by a time effect, age, and a stochastic part. Let (i, j, t) index individual i of age j in period t. The income process is given by: where y i,j,t is hourly wage, and γ t and age j are time and age dummies. The disturbance term ω i,j,t is determined by:
which is the empirical analog to the idiosyncratic income component in (5) . In addition to the fixed effect and the AR(1) shock, an i.i.d. transitory shock u i,j is added to the empirical process. When simulating the model, the transitory shock is set to zero, which is consistent with interpreting the shock as measurement error. Parameter estimates (reported in table 1) are obtained by first running OLS on (11) and then fitting the income process to match the covariance structure of the OLS residuals. See appendix C for details.
For the deterministic age component of efficiency units, q, I take (11) and regress it on the same panel of hourly wage for males, for the broader age group 22-69. Due to selection, I cannot estimate the wage profile directly on observed wages. True wage growth is confounded with spurious wage growth caused by differences in the level and growth rate of wages between those who exit and remain in the labor market. However, since retirement is endogenous in the model, I can consistently estimate the offered wage profile using the model, providing a structural adjustment of the selection bias in the data (as in French, 2005) . When calibrating the model I set efficiency units in age group 51-69 such that the model delivers the same average wage profile, conditional on working, as in the data. To be consistent with the social security system in place over the data sample period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , the model correction is Efficiency units are set to zero for individuals older than 69, implicitly assuming that agents do not work after reaching age 70. A relatively small fraction (7 percent) are observed participating at that age and an even smaller fraction work full time. 19 Appendix C deals with details about the data, estimation strategy, and identification.
To pin down the social security replacement rate, the basic amount (G) is set such that the average annual labor income across agents in age group 40-44 is 6.6G. From 1997 to 2008, the average full-time monthly wage in units of G for male workers of age 40-44 has fluctuated between 0.55 and 0.56. 2021 E. Health The lack of panel data for health status in Norway precludes external calibration of the health process. I therefore adopt the health transition matrix in French (2005) estimated on US self-reported health status from the PSID. Figure 1 displays the conditional probability of being unhealthy for ages 50-69. The estimation accounts for both measurement error and individual heterogeneity. 22 I assume that the health process starts at age 51. Prior to this age, all agents are in good health.
The probability of becoming unhealthy at age 51 is set equal to 0.073. In French (2005) , the unconditional probability of bad health at age 51 is 0.173. However, as explained below, the empirical employment profile is normalized by age 50 employment, thereby leaving out individuals not in the labor market at age 50 (roughly 11 percent, both in 1987 and 2005). The downward adjustment of h 50,good,bad is based on the assumption that these have bad health.
When adopting the US health process, one possible concern is the cross-country variation found in surveys of self-assessed health status. These studies typically ask respondents to rate their own health according to a 5 point scale, ranging from "very good" to "very poor". However, using the European SHARE survey, Jurges (2007) finds that, after accounting for more objective measures of health, 23 most of the variation comes from reporting style, i.e. the connotation of the health categories differs across countries. The health measure used in French (2005) is based on the response to the question: Do you have any physical or nervous condition that limits the type or amount of work you can do?. It is likely that this measure is more in line with objective health measures than the conventional 5 point scale. Figure 10 in appendix A compares the life-cycle health profile in French (2005) with the Norwegian life-cycle profile, in which good health is measured as the the fraction of people in a cross-section with 'good' or 'very good' health by age, using four waves of the Norwegian Level of Living surveys (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . 24 The Norwegian Institute of Public Health (2007) reports that males with income below the median had about 60 percent higher mortality rate than the above median group during the 1990s. Using three waves of the Norwegian Level of Living survey (1995, 1998, 2002) , the same study documents large and significant differences in self-reported health between income groups. Roughly twice as many males in the bottom 1/3 of the (age-adjusted) income distribution rate their own health as 23 These (quasi) objective measures are 15 different physical conditions reported by the respondents 24 The Level of Living survey is a biannual cross-sectional representative survey with rotating themes. below 'good', compared to the upper 2/3 (30 percent vs. 15 percent). 25 In the model, I allow for this correlation between income and health. However, because the measure of income includes transfers such as DI and unemployment benefits, these results could to some extent reflect a relationship between being on social security and having poor health. To control for this, I redo the analysis using four waves of the Level of Living survey (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , restricting the sample to males between 45-55 with more than 1G in labor income in the survey year, and in addition leave out those who have received DI or unemployment benefit the same year. The overall sample contains 1773 observations. 19 percent of individuals in the bottom 1/3 of the labor income distribution in the sample rate their own health as poor, compared to 11 percent in the upper 2/3. To account for this in the model, the low income and education type has a 66 percent higher probability of going from good to bad health than the other types (χ = 1.66). Formally, h j,0,1 is adjusted upwards for the type with low income and education, and downwards for the rest, keeping the average probability of going from good to bad health unchanged. 26 The relationship between bad health and mortality is also taken from French (2005) . Assuming that the relative difference in age-specific mortality rates between healthy and unhealthy also holds for Norway, I adjust the health dependent mortality rates such that the average mortality rate is in line with Statistics Norway's life table. To illustrate, suppose that those in bad health at age j have x% higher mortality than those in good health. It follows that s j+1,1 = (1+x)s j+1,0 , and I then adjust s j+1,0 downwards such that the average (over health status groups) mortality rate is equal toŝ j+1 . 25 The same pattern emerges across education 26 When doing the readjustment I assume that 75% of individuals have no college, in line with the empirical ratio for males in age-group 45-55 between 1998-2008. Assuming that 75 percent have no college and given the estimated AR(1) process for wage shocks (which is implemented numerically as a 2-state first order Markov process), the type born with low fixed effect and low education accounts for the bottom 37.5 percent of the labor income distribution at age 50 in the model. The other types account for the upper 62.5 percent of the distribution. If I instead approximate the AR(1) process by a 20-state Markov process, the bottom 37.5 percent is still strongly dominated by the low fixed effect, low education type (94 percent).
F. Discount rate, disutility of work and bad health
The discount rate β is pinned down by the ratio of aggregate wealth to labor earnings in age group 30-64. I use the ratio 2.15 which corresponds to the empirical ratio for males in 1993. 27 Due to differences between the actual 1993 male population structure and the stationary model population, the actual 1993 structure is used when aggregating the corresponding model moment.
The disutility parameters µ δ and δ b target aggregate employment rates. 28 The empirical employment moments are calculated using the cross section of male annual labor income, collected from an administrative record covering all residents in Norway. Individuals are classified as retired when income is below the basic amount G (equal to 5300 USD in 1987). Income is defined as pension effective income and includes all income contributing to pension claims. In particular, it consists of all labor income, as well as unemployment insurance and sickness absence pay. When calculating the moments I normalize by age 50 employment, thereby leaving out individuals classified as non-participants at age 50 (11 percent). Dropping them is in line with the paper's focus on old-age employment, that is, the model does not attempt to explain retirement during primeage working life. The disutility of bad health (common to all agents) δ b is pinned down by the average employment rate at ages 62-66 in 1987.
To illustrate the identification of heterogeneous preferences, consider two versions of the model: with and without heterogeneity. The first version has no preference heterogeneity (σ δ = 0) and µ δ is calibrated by matching the drop in average employment from ages 62-66 to ages 67-69 in 1987. A striking feature of this version is that it creates huge participation selection on income. The group of individuals still working at age 67, despite being eligible for OA-pension, consists almost entirely of high income types. Comparing the average annual labor income at age 51 with the average labor income at 51 for the sub-sample of individuals Notes: The graph displays the mean annual labor income at age 51, for individuals observed working at age 51+j, relative to mean annual labor income at age 51 for all individuals (no college degree). Data source: Norwegian administrative data, 1981 to 2008, covering the entire population. The age 51 mean income premium is estimated separately for 1981-1990 and the graph displays the average. still working at 68, the latter group has on average 21 percent higher labor income. This income premium is much higher than what we observe in the data, where the premium, depicted in figure 2, is 7 percent. Consequently, the model creates too much selection on income relative to data, indicating that income types explain too much of retirement. The model needs something that makes low income individuals retire late, and this paper considers preference heterogeneity as a solution. With heterogeneity, some agents will, despite low income and high social security replacement rates, choose to retire late simply because they don't dislike working quite as much, compared to other agents. It is a natural extension of the model, and the labor income data provides a clear identification. The degree of heterogeneity is calibrated by reducing the model selection on income to levels observed in the data for the low education group. 29 Formally, I assume that x = exp(−δ w ) is distributed according to a Beta distribution x Be(η m , η s ) with support x ∈ (0, 1). Note that −δ w is measured as disutility, hence −δ w < 0 ⇔ 0 < exp(−δ w ) < 1. The value In addition to δ b , the utility function is now parameterized by the mean (η m ) and the scale (η s ) of the Beta distribution, i.e. including preference heterogeneity adds one extra parameter to the model. 30 The mean is calibrated as before by matching the drop in average employment from ages 62-66 to ages 67-69 in 1987. The model selection on income is reduced to levels observed in the data by calibrating the scale such that the model simulated with the 1987 regime matches the mean wage at age 51 conditional on being employed at age 67 (for those with no college degree). 31 Figure 3 displays two employment profiles for Norwegian males, in 1987 and 2005, both normalized by the age 50 employment rate.
G. Stigma
The motivation for stigma is the following: In a model calibrated 30 The standard parametrization of the Beta distribution is in terms of two shape parameters s 1 and s 2 . I have chosen to re-parameterize in terms of the mean and scale, where these are related to the two shape parameters via s 1 = η m η s and s 2 = (1 − η m )η s 31 In the numerical implementation the Beta distribution is discretized using Gaussian quadrature with 4 nodes. without such cost, the labor supply effect of going from the 1987 to the 2005 regime is not consistent with the data. In fact, labor supply increases (the simulated employment lies above the 1987 profile in figure  3 ). Two things explain this. First, given the underlying health process, 84 percent of all no-college agents and 76 percent of college agents have at least one year in bad health by age 67, and thus at one point have had the opportunity to retire with DI. Many of those who turn down the DI opportunity, will also turn down early-retirement benefits when implementing the 2005 regime. Second, the relaxation of the earnings test between age 67-69 associated with the 2005 regime induces an increase in labor supply. Overall, the ERP is not very attractive, and the model fails to account for the large downward shift in employment shown in figure 3 . This changes with stigma cost. In addition to lowering the eligibility age for OA-pension, the ERP now also offers a way for unhealthy to bypass the stigma of DI.
The fixed cost of applying (z 1 ) is calibrated to match the average employment rate for ages 62-66 in 2005. The per-period cost (z 2 ) targets the average employment rate for ages 57-61 in 1987. The reason I model stigma with two parameters is twofold. First, if all stigma comes from the fixed cost z 1 , then retirement prior to age 67 occurs mainly at age younger than 60. If, alternatively, stigma is entirely due to the flow cost z 2 , most agents will retire at age 60-66. Both of these scenarios are inconsistent with the empirical 1987 employment profile, which shows a smoother decline in employment until age 66. By targeting age 57-61 employment, the calibration balances these two forces.
H. Summary of calibration This section summarizes the calibration.
The following parameters are calibrated externally: The health process, survival probabilities, the (education specific) age-earnings profile q j for age j ∈ [22, 50] and income shock process, tax and pension systems. The following parameters are calibrated internally (targets in parenthesis): β (wealth/earnings ratio), δ b (average employment rate at ages 62-66 in 1987), η m ( drop in average employment from ages 62-66 to 67-69 in 1987), η s (mean age 51 wage conditional on still working at 67, in the 1987 regime), the age-income profile q j for age j ∈ [51, 69] (data observed mean wage age 51-69), and the stigma parameters z 1 and z 2 (average employment at ages 57-61 in 1987 rate and average employment rate at ages 62-66 in 2005). 
Results

The benchmark economy
This section presents the calibration results and the fit of the benchmark economy.
The mean and scale of the Beta distribution are calibrated to η m = 0.791 and η s = 4.46, and the disutility of bad health to δ b = 0.70. Expressed in terms of percentage of consumption, this correspond to a mean utility loss of 20.9 and 60.6 from working in good and bad health, respectively, with a standard deviation of 17.4 and 8.66. The discount factor is β = 1.002, and the stigma costs are calibrated to z 1 = 0.05 and z 2 = 0.35.
Employment
The simulated aggregate employment profiles in the 1987 and 2005 regime are depicted in the panels (i) and (iii) in figure 4 , along with the corresponding data profiles. Although only targeting average employment rates 1987, 32 the model closely follows data employment at most ages. However, the model generates a bit too high employment at the very end of the working career. Despite only matching average age 62-66 employment in 2005, the model is able to capture overall level and curvature quite well. 33 The model is calibrated assuming steady state both in 1987 and 2005. As figure 13 (appendix A) shows, the result is not sensitive to this assumption. Generating the 2005 employment profile by simulating the transition starting from the 1987 steady state creates only negligible differences. Interestingly, the model does a very good job at replicating the observed heterogeneity in retirement patterns across low and high education groups, depicted in panels (ii) and (iv) in figure 4 . Note that the retirement age distribution across education groups are not targeted by the calibration. The most interesting case is the high education group, which due to its small share receives relatively low weight when targeting aggregate employment. Clearly, the model fits the relatively late retirement among individuals with high education. In the 1987 regime the model also captures the level and curvature, as well as the cross sectional drop to 2005. As a further evaluation of the model, consider the group of males still working at age 61 and entitled to early-retirement pension in the 2005 regime. In the data we observe that by age 66, 71 percent of these individuals received early-retirement pension in 2005. 34 The corresponding model moment is 68 percent. Figure 5 is the same as figure 2, adding the income premium profiles for the two calibrated models (with and without preference heterogeneity). The model without preference heterogeneity produces a very clear mapping between income level and retirement age. Although the calibration routine only targets the age 67 premium using the simulated counterpart in the 1987 regime, the model with preference heterogeneity is successful in bringing selection on income closer to data also for other ages and for for the 2005 regime. 33 There is retirement timing discrepancy between the model and the data around the OA-eligibility age 67 in 1987 and 62 in 2005. This is due to the way I classify an individual as being retired in the data. An individual is defined as employed if earning more than 1G in the calendar year reaching the OA-eligibility age. 34 Calibrated mean wage offers are also affected by preference heterogeneity. Figure 6 shows the calibrated age-wage profiles for the low education type, in both model versions. In both versions, the wage offers are calibrated such that the participation selection on wages creates an age-earnings profile, conditional on employment, that corresponds to the empirical profile. Including preference heterogeneity in the model eliminates the sharp drop observed in the model with homogeneous preferences. Hence, retirement is not simply caused by a corresponding drop in wages. Overall, a negative adjustment is nevertheless needed for the model to be consistent with data. The full life cycle profiles are depicted in figure 12 in appendix A.
The effect of preference heterogeneity
The retirement decision The disutility of bad health (δ b ) is small enough to prevent DI-retirement from being, de facto, an exogenous event. In fact, in the 1987 regime, 18 percent of agents working at age 66 are entitled to DI. A sufficiently large δ b would induce agents to retire as soon as they experience poor health and the exogenous health process would in effect determine employment rates. Since 84 percent of no-college and 76 percent of college individuals have at least one year in poor health by age 66, model employment rates would then be too low relative to the data.
Since health alone is not enough to induce labor market exit, the retirement distribution must be explained by other factors too. Consider the 1987 regime. Focusing on those with no college degree, panel (i) of figure 7 shows the fraction of eligible agents choosing retirement at each age, by fixed effect types. 35 As noted in section 3, poor health is required for DI-eligibility. In spite of high degree of preference heterogeneity, early retirement is dominated by low-income (low fixed effect) types. Average retirement age is 63.7 and 66.5 for the low and high income type, respectively. Within both income groups there is also selection on current idiosyncratic income shocks, shown in top-right and bottom-left panel. Those with a negative income shocks are much more likely to retire early. A characterizing feature of the model is that it fits the drop in employment around the OA eligibility age 67 in the 1987 regime. This is not a surprise considering the fact that the calibration targets the drop from age 66 to 68. It is, however, interesting to understand why we get a peak in retirement exactly at age 67. Since most of the action takes place among the low-education type, I focus on this group. No-college employment drops from 0.55 to 0.38. As the drop in wages is negligible, the work incentives does not change much from age 66 to 67, given poor health. But at age 67, the unhealthy can retire with OA-pension and thus avoid stigma cost of DI. This is indeed the most important explanation. Simulating the model with stigma extended to age 69, 36 reduces the fraction retiring at age 67 from 17 to 9 percent. Two qualitatively different reforms are considered, one which combines OA-benefit reduction and earnings-test removal (reform 1), and one in which the OA-pension eligibility age is increased (reform 2).
Reducing Old-Age pension benefits and remove earnings test In reform 1, OA benefits are reduced by 20 percent. The expected life-time, pre-tax pension bill of someone who receives OA-pension from age 67 is therefore roughly unchanged, despite increased life-expectancy. 40 Moreover, the OA-pension earnings test is completely removed, so agents can work and receive full OA-pension. These two reform elements mimic the main 37 Even though the agent's life-expectancy improves, it is assumed that health and productivity remains unchanged. 38 i.e. the early retirement penalty as described in Appendix B is removed 39 Exogenous government expenditures (X) are taken from the initial steady state 40 This holds exactly if the wage growth rate is used as discount factor (which is the discount factor used by Norwegian government in the actual 2011 pension reform) features of the Norwegian pension reform of 2011. Finally, individuals transferred from DI to OA-pension at age 67 are protected from benefit cuts. While the benefit cut and earnings-test removal create an incentive for the everyone to delay retirement, the protection creates an incentive for the unhealthy to retire with DI prior to age 67. This captures the trade-off in the Norwegian pension reform between maintaining insurance and increasing labor supply. This version of reform 1 is denoted reform 1 -protection. To single out the degree of substitution between the two social security programs, I also consider a reform in which DI recipients are not protected (reform 1 -no protection). Figure 8 shows the effects on employment. When there is no protection, the response is positive. In age group 51-69, labor supply goes up by 7.7 percent and the consumption tax rate is 17.3 percent (compared to 23.2 percent in the no-reform scenario). These effects are large, but the reform is also quite drastic. In addition to a benefit cut of 20 percent, we go from a system in which most agents lose their entire OA-benefit if working, to a system in which everyone keep 100 percent. Hence, the labor supply distortion associated with the earnings test is completely removed.
When protecting those coming from DI, the substitution between DI and OA program is so large that the potential fiscal gain is wiped out. Aggregate labor supply now declines by 2.1 percent, while the consumption tax rate is 23.4 percent. Unhealthy individuals who previously chose to work, are now retiring to such extent that it offsets the increased participation by healthy individuals, and as a result, the consumption tax rate is higher compared to the no-reform scenario.
Increasing eligibility age Reform 2 raises the eligibility age for OApension by three years, from 67 to 70; justified by the same increase in life-expectancy as in the previous reform. Consider the following static response for agents retiring at 67. Healthy agents now have to work, while the unhealthy witch to DI pension if it is worth the stigma cost. The dynamic response comes from forward looking agents. Consider a 66-year-old agent in poor health. Before the reform he is working. Conditional on bad health, the budget constraint after the reform remains unchanged, i.e. retirement with DI at age 67 is still an option. If health status changes, the agent is, however, no longer eligible for OA-pension. This might encourage DI retirement at age 66. On the other hand, when raising the OA eligibility age the number of years on DI goes up, causing the discounted sum of stigma costs to go up (from equation 4), and thereby discouraging DI retirement. Figure 9 shows, however, that the reform causes an increase in age 66 employment, caused by the increased (discounted sum of) stigma cost. Between ages 67-69 unhealthy agents now switch from OA-pension to DI, while healthy agents continue to work. Overall, labor supply goes up by 4.9 percent, while the consumption tax rate falls by 2.2 percentage Notes: Reform effects, percentage change in aggregate labor supply (above) and consumption tax rate (below), relative to the no-reform scenario. First row: Reform combining OApension benefit cut and earnings test removal. The second row refers to the same reform, but in which those coming from DI are protected against OA-pension benefit cuts. The third row refers to the reform that increases the OA-eligibility age.
points relative to the no-reform scenario.
Exogenous disability
To evaluate the quantitative importance of endogenous DI retirement, it is useful to compare the above results to a model economy with exogenous DI retirement. Bad health is now an absorbing state and the disutility of working when in poor health (δ b ) is infinity. The age-wage profiles are taken from the endogenous DI model. The probability of a bad health shock at age t, conditional on good health at age t − 1, is calibrated to match the simulated employment rates at age 51-66 in the 1987 regime of the endogenous DI model. 41 From age 67, the probability is set equal to the age 66 probability. The parameters of the δ w -distribution, Be(η m , η s ), and β target the corresponding simulated moments from the endogenous DI model, i.e. same wealth-to-earnings ratio, age 68 employment rate, and average labor income premium at age 51 for those still working at age 67-69. The calibration produces the same β as before, and a mean utility loss of working of 25.5 percent of consumption, with a standard deviation of 5.6. With exogenous DI the stigma cost does not play a role. Table 3 summarizes the results. In the exogenous DI model, reform 41 I do this for each education group separately effects are muted by the fact that many are not able to respond to incentives. Roughly 40 percent have no ability to work at age 66, and given the extrapolation of health risk, almost 55 percent at age 69. Nevertheless, the consumption tax rate goes down, and labor supply goes up in all reform scenarios. 42 With endogenous DI take-up, in contrast, there is no fiscal gain in reform 1 -protection. On the other hand, both reform 2 and reform 1 -no protection produces a somewhat larger fiscal improvement in the endogenous DI model than in the model with exogenous DI. Interestingly, the calibration of the exogenous DI model induces a much smaller dispersion in preferences. This is because with exogenous DI there is much less selection on income into retirement, and consequently less need for preference heterogeneity in order to match the labor income premium of late retirees. A low degree of preference heterogeneity pushes up the labor supply elasticity with respect to pension rule (among individuals in good health). This explains why the exogenous DI model produces almost as large fiscal gain as the endogenous DI model in the eligibility-age reform.
Welfare effects of an early retirement program High stigma cost of DI suggests that there may be scope for early retirement programs to improve welfare. These programs offer an easy and quick way of leaving the labor force, without the effort and social stigma attached to the DI route. In this respect, an early retirement program works a lot like removing the stigma cost. Clearly, introducing a universal early retirement program assuming no labor supply response (i.e. the only effect is that DI-recipients switch to early retirement pension), would raise welfare. However, the behavioral response (i.e, early retirement), triggers a tax increase which could outweigh the welfare gain of reduced stigma cost. This is indeed the result. With an ERP, granting universal access to OApension from age 62, the consumption tax rate goes up by 5.3 percentage points. Almost all agents are made worse off in the new stationary equilibrium. The exception is the type with high disutility of work, which gains up to 0.5 percent of annual consumption. This type accounts for 2.1 percent of the total population. For the other 97.1 percent, the typedependent welfare loss varies between 1.5 and 4.3 percent of annual consumption.
Conclusion
Increasing life-expectancies are putting pressure on old-age pension systems, and reforms are necessary. A key target is to make people work longer and postpone benefit uptake. When designing a reform, policy makers must consider the interaction with other welfare programs that provide income insurance. In this paper I have looked at the interaction between DI and OA-pension and the effects on labor supply and public finances of reforming the OA pension system. Across the OECD, a large share of people between 50-64 receive DI, making it an important path into retirement. In Norway, which is the basis of this study, more than 40 percent of the population relies on DI when transferred to oldage pension at age 67. The main contribution of this essay is to extend the standard macro pension model by considering DI as an alternative retirement margin.
A concern when reforming OA-pension is how to treat those coming from DI. I find that protecting DI-recipients from benefit cuts induces a large increase in DI-take up. In one reform experiment, old-age employment falls despite large improvements in work incentives. The increased labor supply among healthy individuals is outweighed by a surge in DI take-up among unhealthy individuals. Conducting the same reform experiment in a model with exogenous DI take-up (implicitly assumed in all other studies) results in increased labor supply. Consequently, there is a risk of biasing the analysis of pension reforms if DI as a retirement margin is not properly accounted for. The penalty when retiring between 67-69 in 1987, reflects fact that 40 years of earnings above G is required to qualify for full supplementary pension S(m) in the Norwegian National Insurance System (NIS). Because the system was introduced in 1967, the maximum history attainable was 20 years in 1987, which would only give 50% supplementary pension (20/40). The following scheme was implemented to compen-sate for lack of full earnings history. Let L denote an individual's number of years with earnings above 1G since the introduction of NIS in 1967, and F the number of years required to get full supplementary pension. Upon retirement, the retiree is entitled to a supplementary pension of S(m) L F . For individuals older than 50 years in 1967, F = 20, while F = min(0, 20 + 50 − j) for individuals of age j ≤ 50. This implied that individuals were granted full pension as long as they earned more than 1G at each age up to and including 69. These compensation rules applied, however, only to pension entitlements up to m = 4.0. With m > 4 the retiree would be entitled to 
C Income process
The data source used for estimating the age-wage profiles and the income process consists of monthly earnings (consisting of basic salary, fixed and variable additional allowances, bonuses and commissions, and overtime pay) and contractual monthly working hours from 1997-2008. Data is collected once a year during the 3rd quarter. Hourly wage is computed as the ratio of monthly earnings (excluding overtime pay) to monthly hours. The sample covers all employees in the public sector, and large private sector firms (100-150 employees, depending on industry), while employees in small and medium sized firms are sampled each year with a sampling rate between 10-50 percent, depending on industry. Between 50-65 percent of all private sector employees are sampled (see Statistics Norway, 2005).
The income process is estimated by fitting the observed covariance structure of residuals (ω i,j,t ) obtained from running OLS on equation 11. Dropping time and individual specific subscripts, and noting that j denotes age, the empirical income process used in the model (equation 12) is:
The vector of parameters to be estimated is θ = {var(α), var(u), var(ε), ρ}. I do this for k = 3, .., 9, producing 7 values for θ (one for each k). I take the mean over all k s to obtain estimates of var(α), var(u), var(ε), and ρ.
